Measurements were made of the nitrate concentration and bacterial contamination of groundwater samples taken from both dug wells and bores in the commune of Hop Thinh', in the administrative district of Vinh Phuc, Vietnam. A significant number (18%) of samples had nitrate concentrations in excess of the WHO Guideline value for drinking water of 50 mg L
INTRODUCTION
Vietnam has a high incidence of bacterial pathogens causing diarrhoea, children being particularly susceptible. A prospective study of 1655 children under five years of age showed Campylobacter, Shigella and enterotoxic Escherichia coli to be the most common isolates (Isenbarger et al. 2001) . The incidence of diarrhoea was shown to be seasonal, increasing in the rainy season from April to September and declining in the cooler, drier months. This had been presumed to be due to surface flooding, which might be expected to spread faecal waste into drinking water supplies. It was shown in that study, however, that this is not necessarily the explanation of seasonality since, in the commune (Phu Chao) most at risk of flooding, there was consistently the lowest incidence of disease. An alternative explanation is required.
In rural regions of Vietnam most people depend for their water supply on wells or, as is increasingly the case in some areas, bores drilled deeper into the aquifer. Extensive work in Indonesia has shown that bacterial counts are often high in village wells, particularly in crowded villages with primitive sanitation (Smith et al. 2000) . The present work was initiated with the objective of determining whether a possible alternative explanation for the incidence of some diarrhoeal disease in Vietnam is that it is transmitted through the soil into the groundwater, and thereby contaminates water used for drinking, cooking and washing.
There are several studies of the stability of bacteria in soil and water and the topic has been reviewed by Santamaria & Toranzos (2003) . It is well known that soil is a reservoir of certain bacterial pathogens and it is known that Shigella, Campylobacter and Escherichia coli, in particular, are stable for significant periods in certain situations in both soil and water. Our plan was to investigate nitrate measurements of well water as a possible indicator of contamination with sewage and animal waste, and then to attempt to determine if there was a correlation with bacterial counts. A detailed study in Indonesia showed that, although there was no direct correlation between nitrate concentrations and bacterial counts, in all cases where nitrate levels were high, bacterial numbers were also high (Smith et al. 1999 Taylor 1974; Fan & Steinberg 1996) , particularly in young children, but it has also been suggested that nitrate is associated with other diseases (Dijk-Looyaard & Montizaan 1990; Fan & Steinberg 1996) , including oesophageal (Siddiqi et al. 1992) , stomach (Forman 1989 ) and urological (Volkmer et al. 2005) cancers. Table 1 .
METHODS

General approach
Over a three day period 117 nitrate measurements were made on water that was freshly drawn in buckets or by pumps. Of these, 63 were dug wells and 54 were drilled bores. At the same time, a questionnaire was filled out. It was intended to subsequently collect one litre water samples from all of the dug wells and from 37 of the bores, for bacterial analysis. In practice, 61 of the dug wells and 33 of the bores were sampled. The attrition was due mainly to some house owners not being home at the time that the samples were being collected. Appropriate sample handling and processing procedures were in place to avoid any possible cross contamination between samples.
Nitrate measurement
Nitrate was measured using nitrate test strips with a Nitracheck reflectometer as described previously (Wetselaar et al. 1998; Smith et al. 1999) . Values were calibrated against standard nitrate solutions measured at the same temperature, later in the day (Smith et al. 1999 ).
Questionnaires
The questionnaires were completed at each household and included personal details of all members of the household, the nature and protection of the water source, its distance from latrines and animals and incidences of diarrhoeal sickness in the previous year.
Bacterial analysis
Samples (1 L) of water were taken back to the laboratory in
Hanoi and immediately the process of filtration, enrichment and growth on selective media for various bacterial species was begun. Together with the enrichment growth, biochemical tests were done to identify specific organisms.
These included total and thermotolerant coliforms and, particularly, Shigella. 
RESULTS
Incidence of nitrate in wells and bores
In Figures 1(a) and ( Clearly, there was no overall correlation between nitrate concentrations and bacterial numbers. As with nitrate, bacterial numbers were generally much higher in the dug wells than in the bores, although even in the latter there were two cases of very high coliform numbers; these had depths of 15 and 18 metres. As far as specific bacterial types are concerned, there was no evidence of Shigella or other pathogens in any of the samples.
Questionnaires
The questionnaires revealed that there had been outbreaks of diarrhoeal disease in some households but the cases did not correlate with high coliform numbers at the time they were measured in this study. The questionnaires also revealed the proximity of individual wells and bores to latrines and animals. These are not presented as there were no clear correlations observed and it was not possible to tell whether a well or bore was upstream or downstream of a latrine in the flow of the groundwater. It could be noted that in many cases latrines, and animals, were located very close to wells or bores.
DISCUSSION
The present study has shown that many village wells in the commune which was studied in Vinh Phuc province contained high concentrations of nitrate, often well above Although many people in this area reported that they boil their well water before use, and thereby prevent any risk of infection from contaminated water, nevertheless this study shows that bacteria do in fact contaminate water used for drinking and therefore pose a potential health risk. It could also be mentioned that even if people boil water for drinking, they probably do not do so for washing and this could be a source of contamination. Further work should involve measurement of bacteria in wells at the times of significant outbreaks of diarrhoeal disease.
The present study was conducted in one location and at one time of the year. Based on previous work in Vietnam (Isenbarger et al. 2001) and Indonesia (Smith et al. 1999) , it is likely that there is significant regional and seasonal variability, as well as the local variability also observed in the present study. the study no pathogenic bacteria were found in the water and hence it was not proven whether transmission through the groundwater was likely to be a significant route for infection. It is recommended that measurements be taken in this area, and also in other places where Shigella, Campylobacter or ETEC outbreaks occur, at the actual times of such outbreaks. We consider it an important public health matter to establish whether or not groundwater is a significant transmission route for such disease agents.
